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(54) NO-BREATHING STATE DECIDING DEVICE AT SLEEPING TIME 

(57)Abstract: 

PURPOSE: To decide a no-breathing state at the time when a 
person is sleeping by providing a flexible stomach band part 
attached to the belly of a human body and a variable resistor 
whose resistance value is varied in accordance with the 
expansion and the contraction of the band part, 
CONSTITUTION: A stomach band 3 in which a variable resistor 4 
is integrated into the inside is wound round to the belly 2 so as 
to be detachable and the variable resistor 4 is constituted so 
that its resistance value R is variable in accordance with the 
expansion and the contraction of the stomach band 3, Also, by a 
constant-voltage power source 5 for always applying a constant 
voltage to the variable resistor 4, the current of magnitude 
corresponding to the resistance value R at that time flows. 
Moreover, a current detecting part 6 detects continuously the 
value of a current flowing through the variable resistor 4 and it is 
displayed in such a form as an elapsed time variation is known on 
a display part 8. Breathing in the course of sleeping of a person 
is usually abdominal breathing, the stomach band 3 expands and 
contracts in accordance with the vertical motion of the belly 2 
and in accordance therewith, the variable resistor 4 is slid, as well and the resistance value R is varied 
large/small. 
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Japanese Laid-open Publication of Patent Hei 6-63031 
[TITLE OF THE INVENTION] A Sleep Apnea Diagnosis Apparatus 

[Abstract] (Corrected) 

[Structure] A variable resistor is attached to a belly band 2 made of an 
elastic fabric. In this way, electric currency flowing through the resistor 
varies because resistance values vary in accordance with slight extension 
and contraction of the belly band 2. Change in extension and contraction of 
the belly band 2 is displayed under the relationship between the current and 
the time period. From the relationship between the current and the time 
period, an apnea period, an apnea cycle, the number of apnea, the normal 
number of breathing and an amount of breathing per breath can be 
measured so that a judgment of sleep apnea is carried out. 

[Advantage of the Invention] No direct skin touch is made, there is no 
feeling of wearing such apparatus, so that there is less probability of causing 
negative influence for falling in a sleep. In this way, sufficient sleep state is 
secured and reliability of judgment is improved. 
[Selected figure 1] 

[CLAIM] 

[Claim l] Asleep apnea diagnosis apparattis comprising: 

a belly band having elasticity and wrapped on abdomen of a human 

body; 

a variable resistor provided to the belly band and varying its 
resistance corresponding to extension and contraction of the belly band; 

a power source for providing electric current flowing through the 
variable resistor; 

a current detector detecting a variation of current values flow 
through the variable resistor corresponding to the variation of resistance 
values; and 

a judgment part for judging apnea states during sleep from the 
variation of the current values detected with the current detector. 
[Claim 2] Asleep apnea diagnosis apparatus comprising: 

a belly band having elasticity and wrapped on abdomen of a human 

body; 

a distortion detector provided to the belly band and varying its 



distortional stress corresponding to extension and contraction of the belly 
band; 

a distortion-current converter converting a variation of the 
distortional stress detected by the detector into a variation of current; 

a current detector detecting a variation of output current values of 
the distortion-current converter corresponding to the variation of 
distortional stress of the distortion detector; and 

a judgment part for judging apnea states during sleep from the 
variation of the current values detected with the current detector. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the invention] This invention relates to a sleep apnea diagnosis 
apparatus for judging apnea states during sleep. 
[0002] 

[Conventional art] Sleep apnea is a phenomenon by which breathing 
temporary stops during sleep. 

[0003] Conventionally, judgment of sleep apnea during sleep is carried 
out by measuring change in cardiac beats rate of the heart, respiratory sound, 
snore sound and the like. 
[0004] 

[Problem to be solved] In the measuring method of the above-mentioned 
cardiac beats rate, however, there exists a psychological probability to make 
it difficult for falling in sufficient sleep because a plurality of electrodes are 
attached on the chest of an examinee. As a consequence, there is a problem 
that it is difficult to carry out precise judgment. 

[0005] The measuring method of the respiratory sound and snore sound 
has a problem inapplicable to an examinee who does not have clear 
respiratory sound or snore sound. 

[0006] 

[Means for solving the problem] The invention defined in Claims land 2 
are invented to resolve the above-described problems, each of which are 
configured as follows. 

[0007] (1) Configuration of the invention defined in Claim 1 
The invention defined in Claim 1 comprises a belly band having elasticity 
and wrapped on abdomen of a human body, a variable resistor provided to 
the belly band and varying its resistance corresponding to extension and 



contraction of the belly band, a power sonrce for providing electric current 
flowing through the variable resistor, a current detector detecting a variation 
of current values flow through the variable resistor corresponding to the 
variation of resistance values, and a judgment part for judging apnea states 
during sleep from the variation of the current values detected with the 
current detector. 

[0008] (2) Configuration of the invention defined in Claim 2 
The invention defined in Claim2 comprises a belly band having 
elasticity and wrapped on abdomen of a human body, a distortion detector 
provided to the belly band and varying its distortional stress corresponding 
to extension and contraction of the belly band, a distortion-current converter 
converting a variation of the distortional stress detected by the detector into 
a variation of current, a current detector detecting a variation of output 
current values of the distortion-current converter corresponding to the 
variation of distortional stress of the distortion detector, and a judgment part 
for judging apnea states during sleep from the variation of the current values 
detected with the current detector. 

[0009] 

[Function of the invention] 
(1) Function of the invention defined in Claim 1 
In the configuration of the sleep apnea diagnosis apparatus defined in 
Claim 1, as described in the above, such apparatus comprises a belly band 
having elasticity and wrapped on abdomen of a human body, a variable 
resistor provided to the belly band and varying its resistance corresponding 
to extension and contraction of the belly band, a power source for providing 
electric current flowing through the variable resistor, a current detector 
detecting a variation of current values flow through the variable resistor 
corresponding to the variation of resistance values, and a judgment part for 
judging apnea states during sleep from the variation of the current values 
detected with the current detector. 

[0010] In this way, when the examinee under sleep breathes, the belly 
bad will expand and contract, the resistance of the variable resistor varies 
and the value of the current values which flows through according to the 
variation also varies. 

[0011] Usually, people do abdominal breathing, while sleeping. In 
abdominal breathing, lungs expand by inhalation of air at the time of 



inspirations. Such expansion pushes down the lungs to a direction of the 
legs so that the diaphragm retracts to that direction. Accordingly, the 
abdomen expands upper wards. On the other hand, lungs contract by 
expiration of air at the time of expirations, and they are pushed up to a 
direction of the head. As a consequence, the diaphragm moves up and the 
abdomen retracts to downwards. Such a series of movements cause 
constant up-and-down motions of the abdomen during the sleep. In sleep 
apnea, however, the up-and-down motion of the abdomen stops 
simultaneously with a respiratory stop. 

[0012] During constant breathing, the variation of current detected 
with the current detector become substantially a fixed cycle and amplitude. 
If breathing stops, however, no variation in the current is observed. When 
breathing resumes, the above- mentioned current value will once become 
large and the cycle is short and amplitude becomes large. Thereafter, the 
current variation becomes small again and amplitude will be in the original 
state as illustrated. In this way, an apnea period, an apnea cycle, the 
number of apnea, the normal number of breathing and the like can be 
measured. In addition, a precise judgment can be carried out as a result of 
performing estimation of the amount of breathing. 

[0013] (2) Function of the invention defined in Claim 2 
In the configuration of the sleep apnea diagnosis apparatus defined in 
Claim2, as described in the above, such apparatus comprises a belly band 
having elasticity and wrapped on abdomen of a human body, a distortion 
detector provided to the belly band and varying its distortional stress 
corresponding to extension and contraction of the belly band, a 
distortion -current converter converting a variation of the distortional stress 
detected by the detector into a variation of current, a current detector 
detecting a variation of output current values of the distortion-current 
converter corresponding to the variation of distortional stress of the 
distortion detector, and a judgment part for judging apnea states during 
sleep from the variation of the current values detected with the current 
detector. 

[0014] In this way, a variation of distortional stress of the distortion 
detector is caused through the extension and contraction of the belly band 
when people do breathing duping their sleep. Corresponding to such 
variation, the current values converted from the output voltage of the 



distortion detector varies as well. 

[0015] As described in the above, usually, people do abdominal 
breathing, while sleeping. In abdominal breathing, lungs expand by 
inhalation of air at the time of inspirations. Such expansion pushes down 
the lungs to a direction of the legs so that the diaphragm retracts to that 
direction. Accordingly, the abdomen expands upper wards. On the other 
hand, lungs contract by expiration of air at the time of expirations, and 
they are pushed up to a direction of the head. As a consequence, the 
diaphragm moves up and the abdomen retracts to downwards. Such a 
series of movements cause constant up-and-down motions of the abdomen 
during the sleep. In sleep apnea, however, the up-and-down motion of the 
abdomen stops simultaneously with a respiratory stop. 

[0016] During constant breathing, the variation of current detected 
with the current detector become substantially a fixed cycle and amplitude. 
If breathing stops, however, no variation in the current is observed. 
When breathing resumes, the above-mentioned current value will once 
become large and the cycle is short and amplitude becomes large. 
Thereafter, the cxirrent variation becomes small again and amplitude will 
be in the original state as illustrated. In this way, an apnea period, an 
apnea cycle, the number of apnea, the normal number of breathing and the 
like can be measured. In addition, a precise judgment can be carried out 
as a result of performing estimation of the amount of breathing. 

[0017] 

[Advantages of the invention] According to the sleep apnea diagnosis 
apparatus of the present invention, since no direct skin touch is made, there 
is no feeling of wearing such apparatus, so that there is less probability of 
causing negative influence for falling in a sleep. In this way, sufficient sleep 
state is secured and reliability of judgment is improved. Moreover, much 
lower measTirement error is expected for body movements during the sleep. 
Further, a high cost-effectiveness is achieved because an apnea period, an 
apnea cycle, the number of apnea, the normal number of breathing can be 
measured from the variation of the resistance values or the distortional 
values. 

[0018] 

[Embodiment of the invention] 



(1) The first embodiment 
Figs. 1 and 2 show the structure and the function of a sleep apnea diagnosis 
apparatus according to the first embodiment of the present invention. 

[0019] Fig. 1 shows the structure of such apparatus, and reference 
numeral 1 represents human body and reference numeral 2 illustrates its 
abdomen. 

[0020] A belly band 3, inside of which a variable resistor 4 is 
embedded, is wrapped detachably on the abdomen 2 Such band 3 is formed 
of an elastic member such as rubber and the like so that it is extendable. 
The value of such variable resistor 4 varies its resistance R corresponding to 
the extension and contraction of the band 3. 

[0021] The reference numeral 5 represents a constant-voltage power 
source which always applies a constant voltage to the variable resistor 4, and 
a certain amount of current flows through the variable resistor 4 from the 
constant- voltage power source 5. 

[0022] The reference numeral 6 represents a current detector, such 
current detector 6 sequentially detects the current values flow throiagh the 
variable resistor 4 and outputs the current values so as to recognize their 
variation over time to the display as shown in Fig. 2. 

[0023] In general, people do abdominal breathing, while sleeping. In 
abdominal breathing, lungs expand by inhalation of air at the time of 
inspirations. Such expansion pushes down the lungs to a direction of the 
legs (arrow H) so that the diaphragm retracts to that direction. Accordingly, 
the abdomen 2 expands upper wards (in a direction of arrow R). On the 
other hand, lungs contract by expiration of air at the time of expirations, and 
they are pushed up to a direction of the head (arrow I). As a consequence, 
the diaphragm moves up and the abdomen retracts to downwards (arrow N). 
Such a series of movements cause constant up-and-down motions of the 
abdomen 2 during the sleep. 

[0024] Therefore, the above-mentioned abdomen band 3 expands and 
contracts according to the up-and-down motion of the abdomen 2, the 
variable resister 4 is also moved corresponding to the motion and the value of 
resistance R varies accordingly 

[ 0025 ] Consequently, the value I of current flowing through the 
variable resister 4 varies vice versa, and the current is detected by the 
current detector and is displayed on the display 8 included in a sleep apnea 



diagnosis part 7 as a sine-wave pattern as shown in Fig. 2. 

[0026] In sleep apnea, however, the up-and-down motion of the 
abdomen 2 stops simultaneously with a respiratory stop. Usually, sleep 
apnea starts after an expiration end. Therefore, the oxygen concentration 
in blood decreases in sleep apnea and carbon dioxide level increases. Since 
apnea period is for 20 to 60 seconds as shown in Fig. 2 and breathing restarts 
again. The shortage of oxygen immediately after a respiratory start causes 
intense breathing that makes rapid up-and-down motions. 

[0027] That is, during constant breathing, the variation of current 
detected with the current detector 6 become substantially a fixed cycle and 
amplitude. If breathing stops, however, no variation in the current is 
observed as shown in Fig. 2. When breathing resumes, the 
above-mentioned current value will once become large and the cycle is short 
and amplitude becomes large. Thereafter, the current variation becomes 
small again and amplitude will be in the original state as illustrated. 

[0028] In this way, an apnea period , an apnea cycle, the number of 
apnea, the normal number of breathing and the like can be measxared. In 
addition, a precise judgment can be carried out as a result of performing 
estimation of the amount of breathing. 

[0029] (2) The second embodiment 
Figs. 3 and 4 show the structure and the function of a sleep apnea diagnosis 
apparatus according to the second embodiment of the present invention. 

[0030] Fig. 3 shows the structure of such apparatus, and reference 
numeral 1 represents human body and reference numeral 2 illustrates its 
abdomen similar to the first embodiment. 

[0031] A belly band 3, inside of which a distortion detector 11 is 
embedded, is wrapped detachably on the abdomen 2 Such band 3 is formed 
of an elastic member such as rubber and the like so that it is extendable. 
The output voltage varies corresponding to the extension and contraction of 
the band 3 which make variation of distortional stress generated at that 
time. 

[0032] The reference numeral 5 represents a constant- voltage power 
source applying a certain amount of voltage to the detector 11. With the 
power source 5, the detector 11 outputs an amount of voltage V 
corresponding to the distortional stress generated at that time. 

[0033] The reference numeral 12, on the other hand, represents a 



voltage-current converter. Snch voltage-ciarrent converter 12 sequentially 
converts the output voltage V into a current I in a form which can recognize 
its variation over time on the display 8 as shown in Fig. 4. 

[0034] As described in the first embodiment, usually, people do 
abdominal breathing, while sleeping. In abdominal breathing, hmgs 
expand by inhalation of air at the time of inspirations. Such expansion 
pushes down the lungs to a direction of the legs so that the diaphragm 
retracts to that direction. Accordingly, the abdomen 2 expands upper wards. 
On the other hand, lungs contract by expiration of air at the time of 
expirations, and they are pushed up to a direction of the head. As a 
consequence, the diaphragm moves up and the abdomen retracts to 
downwards. Such a series of movements cause constant up-and-down 
motions of the abdomen 2 during the sleep. 

[0035] Therefore, the above- mentioned abdomen band 3 expands and 
contracts according to the up-and-down motion of the abdomen 2, the 
detector 11 causes distortional displacement corresponding to the motion. 

[0036] Consequently, the detector 11 generates g a certain level of 
voltage corresponding to the motion, and the value of such voltage V is 
converted into a current I by the voltage- current converter 12 and is 
displayed on the display 8 included in a sleep apnea diagnosis part 7 as a 
sine- wave pattern as shown in Fig. 4. 

[0037] In sleep apnea, the up-and-down motion of the abdomen 2 stops 
simultaneously with a respiratory stop. Sleep apnea starts after an 
expiration end. Therefore, the oxygen concentration in blood decreases in 
sleep apnea and carbon dioxide level increases. Since apnea period is for 20 
to 60 seconds and breathing restarts again. The shortage of oxygen 
immediately after a respiratory start causes intense breathing that makes 
rapid up-and-down motions. 

[0038] That is, during constant breathing, the variation of current 
detected become substantially a fixed cycle and amphtude as shown in Fig. 4. 
If breathing stops, on the other hand, no variation in the current is observed. 
When breathing resumes, the above-mentioned current value will once 
become large and the cycle is short and amplitude becomes large. 
Thereafter, the current variation becomes small again and amplitude will be 
in the original state. 



[0039] In this way, an apnea period , an apnea cycle, the number of apnea, 
the normal number of breathing and the like can be measured. In addition, 
a precise judgment can be carried out as a result of performing estimation of 
the amount of breathing. 
[Brief description of the drawings] 
[Fig. 1] 

FIG. 1 is a systematic diagram illustrating a sleep apnea diagnosis 
apparatus according to the first embodiment of the present invention. 
[Fig. 2] 

FIG. 2 is a waveform chart of detected electric current by the sleep apnea 
diagnosis apparatus. 
[Fig. 3] 

FIG. 3 is a systematic diagram illustrating a sleep apnea diagnosis 
apparatus according to the second embodiment of the present invention. 
[Fig. 4] 

PIG. 4 is a waveform chart of detected electric current by the sleep apnea 
diagnosis apparatus. 

[Description of the reference numerals] 
1 :human body, 2: abdomen, 3: a belly band, 4: a variable resistor, 5 : a 
constant- voltage power source, 6 : a current detector, 7 : a sleep apnea 
diagnosis part, 8: a display, 11: a distortion detector, 12: a voltage -current 
converter. 
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